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: ; COMPOSITION FOR USE IN RAISING AN IMMUNE RESPONSE 
; Tte present invention relates to a novel composition 
which can be used to raise an immune response in animals. 
Further the present invention relates to methods of using 
5 this composition. 

"Epithelial surfaces such as the intestine, 
respiratory .and genital tract, and mammary gland in 
several animal species appear to mount a common mucosal 
immune response when challenged with antigen or following 

10 infection by a pathogen. Pivotal to such a common mucosal 
immune response is the gut associated lymphoid tissue 
( GALT ) where antigen-specific IgA precursor cells are 
generated. These subsequently enter the blood circulation 
via the mesenteric lymph nodes and migrate to distal 

15 mucosal surfaces before returning ultimately to the lamina 
pzropria. GALT therefore provides a mechanism for the 
stimulation of mucosal IgA responses by oral, intranasal 
or intra-peritoneal delivery of vaccines. Recently, it 
has been shown that immune tolerance at mucosal surfaces 

20 such as the gut and lung can be overcome if oral and 
intranasally delivered vaccines are adjuvanted with 
subunit B cholera toxin. Alternatively, GALT immune 
responses can also be stimulated by intraperitoneal 
immunization of antigens complexed with either complete 

25 Freunds adjuvant or a vegetable oil matrix. It has been 
proposed that Peyers patches are stimulated by intra- 
peritoneally delivered antigen-adjuvant complexes in a 
manner similar to that of luminal ly delivered antigen even 
though the mechanism of translocation of intra- 

30 peritoneally delivered antigen to Peyers patches has not 
been convincingly demonstrated. Nevertheless, it is 
unlikely that the intra-peritoneal route will become a 
widely accepted route for the delivery of vaccines if the 
primary objective is to stimulate a mucosal immune 

35 response. 
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The skin on the other hand, is readily accessible 
and forms an important barrier between the environment and 
the body. It is believed to play a role as a primary 
lymphatic organ because component cells such as 
5 keratinocytes and Langerhans cells are not only able to 

process and present antigens, but are also involved in the 
production of cytokines and cellular adhesins. Exposure 
to antigens in the skin usually generates an immune 
response which is characterised by the recruitment of 
10 leukocytes to the inf lammatory site. Several examples of 
abnormal pathology in human skin disorders have! reported 
IgA deposition in the epidermis . 

Pseudomonas aeruginosa is an opportunistic pathogen 
of both humans and animals. This bacterium proliferates 
15 rapidly in the wet fleece micro environment on the skin of 
sheep during periods of sustained rain. It causes an 
inflammatory exudative dermatitis referred to colloquially 
as n f leecerot " . A vaccine for fleecerot based on outer 
membrane proteins (OMPs) of P. aeruginosa prepared by 
20 organic phase partitioning was developed. While in the 
process of testing various adjuvant formulations for the 
delivery of this vaccine, the present inventor discovered 
that it was possible to stimulate a low but detectable 
pulse of serum IgA that was specifically directed against 
25 P. aeruginosa OMP. By further ref ining the composition, ■ an 
ISCOM-based formulation was developed which the present 
inventor was able to demonstrate not only elicited a 
transitory pulse of serum IgA but also the production of 
IgA in respiratory tract washings following intra-dermal 
30 administration. 

Accordingly, in a first aspect the present invention 
consists in a composition for use in raising a cellular 
and/or humoral immune response in mammals to an antigen, 
the composition comprising the antigen entrapped within 
35 liposomes, the liposomes being integrated into an ISCOM. 
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In a preferred embodiment of the present invention 
the liposomes are formed using N-[l-(2 f 3- 

Dioleoylpxy)propal]-N f N,N-trimethyl-ammoniummethylsulf ate 
(DOTAP) . 

5 DOTAP is available from Boehringer Mannheim. 

in a further preferred embodiment of the present 

invention the antigen (in either native or subunit form) 

is derived from an organism involved in infection of the 

skin, respiratory tract, genitourinary tract or other 
10 mucosal surface. Preferably, the organism is a bacteria, 

fungi, mycoplasma or virus. 

The ISCOM is composed of matrix of Quil A and 

cholesterol and preferably an additional lipid such as 

phosphatidyl choline in a molar ratio. More information 
15 regarding ISCOMs may be found in Morein, Veterinary 

Microbiology, 2A (1990) 79-84, the disclosure of which is 

incorporated herein by reference. 

Further information regarding liposomes may be found 

in 6 Gregoriadif, 1993, Liposome Technology 2 nd Edition, 
20 CRC Press, Boca Raton FL, USA Vol I, II, III. The 

disclosure of this reference is incorporated herein by 

reference. 

In a second aspect the present invention consists in 
a method for increasing the immune response in a mammal to 
25 an antigen comprising administering to the mammal the 

composition of the first aspect of the present invention. 

The composition may be administered via a number of 
routes including intradermal, intratracheal, intranasally , 
orally, rectally and intra vaginally or by douche. 
30 In order that the nature of the present invention 

may be more clearly understood, preferred forms thereof 
will now be described with reference to the following 
examples and Figures in which :- 

Figure 1 shows serum antibody response to OMP; 
35 Figure 2 shows antibody response to OMP in RTW; 

Figure 3 shows serum antibody response to OMP; 
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Figure 4 shows antibody response to OMP i n RTW; : 

Figure 5 shows MHC class 1 restricted cytotoxicity 
against ovalbumin in spleen cells from mice previously 
vaccinated intradermal ly with SAMA4-Ova; 
5 Figure 6a shows change in spleen size following 

immunization by different routes; 

Figure 6b shows relative change in lymphocyte 
subpopulations of the spleen following immunization by 

different routes; 

10 Figure 7 shows effect of immunization route on 

changes in CD3-/B22t)+ subpopulation in different organ 
compartments at different times post-vaccination; 

Figure 6 shows effect of immunization route on 
changes in CD3+/B220+ subpopulation in different organ 
15 compartments at different times post-vaccination; 

Figure 9 shows effect of immunization route on 
changes in CD3+/CD4+ subpopulation in different organ 
compartments at different times post-vaccination; 

Figure 10 shows effect of immunization route on 
20 changes in CD3+/CD8+ subpopulation in different organ 
compartments at different times post-vaccination; and 

Figure 11 shows effect of immunization route on 
changes in non-T and non-B subpopulation in different 
organ compartments at different times post-vaccination. 

25 

MATERIALS AND METHODS 

Extraction of outer membrane proteins from P. aeruginosa 

OMPs were purified by organic phase partitioning 
using chlorof orro-methanol extraction of a total membrane 

30 vesicle preparation. Hydrophobic membrane proteins 

located as a turbid band at the organic-aqueous interphase 
were removed and resolubilized in a small volume of 
glacial acetic acid and this was further diluted with an 
equal volume of HSM1[ (HS:25mM HEPES pH 7.4, 0.15 M saline) 

35 and (Ml: 0.5% w/v MegalO]. The mixture was then dialysed 



WO 95/27508 



PCT/AU95/00206 



at room temperature against HSM2 [HS containing 0.1% 
MegalO]. 

Entrapment of OMP into unilamellar liposomes 

The protein concentration in the OMP preparation was 

5 adjusted to 20mg/ml in HSM2 . A 200 |il aliquot was removed 
and added to an equal volume of DOTAP 50 ng in 200 |il 
HSM2). The mixture was sonicated for 5 min with cooling 
and then used directly to deliver membrane proteins into 
immune stimulating complexes or ISCOMS. 

10 Preparation of SAMA4 OMP vaccine as ISCOSOMES 

ISCOSOME vaccine or hybrid liposome- ISCOMS were 
prepared by diluting the liposome antigen complex with HS 
to a volume of 2.5 ml followed by the addition of 250 pil 
of MegalO (2% w/v); 25 |il phosphatidylcholine (lOmg/ml); 

15 25 \xl cholesterol (10 mg/ml); 40 jil 5% w/v Quil A. The 

mixture was rotated overnight at 21°C and dialysed against 
three changes of PBS. The final protein concentration of 
the dialysate was adjusted with PBS to a final 
concentration of 1 mg/ml OMP. 

20 Experimental design, intradermal inoculation and 
intratracheal challenge 

A total of 7 sheep were used for the experiment. 
Animals were anaesthetised with 10 ml (60mg/ml) sodium 
pentobarbitone administered intravenously. They were then 

25 placed in dorsal recumbency and intubated with an 

endotracheal tube. Respiratory tract washings (RTW) were 
carried out by instilling 2x5 ml aliquots of PBS followed 
by aspiration under vacuum after each instillation. 

Intradermal injections were given at 5 sites along 

30 the roid-backline with lOOjig/lOO \xl of OMP adjuvanted in 

SAMA4 . Intradermal injections were repeated 1 week later. 
Sheep were bled by jugular puncture with a vacutube. 
Blood collection and RTW were undertaken twice a week for 
4 weeks, and weekly thereafter. All vaccinated sheep were 

35 subsequently challenged on day 169 by instillation with 4 
mg OMP in PBS (4 ml) via an endotracheal tube. 
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EL ISA assays 

A solution of OMP in carbonate buffer (10|ig/ml) was 
used to coat 96-well plates. After washing with PBSTw 
(PBS with 0.01% (ween 20) antisera (1/200 dilution") or RTW 

5 (1/50 dilution) was added for 1 h at 37°C. Plates were 

washed and appropriately diluted monoclonal antibody with . 
specificities against ovine IgG2, IgGl, IgA or IgM was 
added. Mouse antibodies were detected with horseradish 
peroxidase conjugated goat anti-mouse . Colour reactions 

10 were then developed with o-phenylenediamine and read at 
540 run. Time course ELISA data were analysed 
statistically by t-test. 
RESULTS 

Controls - Data not presented here, show that sheep 
15 given OMP by the ID or IT route without SAMA4 , do not 
promote significant IgA responses in RTW or blood. In 
addition, the level of IgGl in RTW and blood is 
significantly less than that elicited by treatment with 
OMP+SAMA4. 

20 Primary ID-IT Response - A peak serum IgGl response 

against OMP was detected on Day 21 after 2 weekly 
intradermal inoculations with SAMA4+OMP. A pulse of IgA 
activity also occurred between Days 10 -0 14 while the IgM 
response peaked at Day 10 and gradually subsided over the 

25 next 40 - 50 days. IgG2 activity rose slowly and peaked 

between Days 20-24, and declined gradually over the next 
3 months (Fig.l). IgA and IgGl activity in RTW peaked 
twice on Days 10 and 20 after ID inoculation at Days 0 and 
7 respectively. A small rise in RTW IgM activity was 

30 detectable but not IgG2 (Fig. 2) . 

Secondary Response to IT inoculation of OMP in ID 
vaccinated sheep - To assess whether there was a memory 
response to OMP, a single dose of OMP was given by the IT 
route to ID-IT vaccinated sheep on Day 176. A rapid IgA 

35 and IgGl response was seen within 3 days in RTW. The most 
remarkable response was registered by an almost 3-fold 
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increase in IgA in a much shorter time than that seen 
following primary exposure to OMP. The rapid rise in RTW 
IgGl was accompanied by a much slower increase in serum 
IgGl that was only evident about 9 -.10 days after IT 
5 inoculation with OMP. A low level rise in serum IgM and 
IgG2 also occurred but serum IgA against OMP was not 
detected. 

Primary IT-IT Response - The usefulness of SAMA4 as 
a mucosal adjuvant was assessed by IT administration of 

10 0MP+SAMA4 on Days 0 and 4 . An increase in RTW IgGl , IgA 
and IgM was evident only after the second IT inoculation 
and peaked between Days 8 -12. No anti-OMP IgG2 activity 
was detectable. The rise in RTW Ig activity was 
paralleled by a similar rise in serum IgGl and to a lesser 

15 extent, IgM, IgG2 and IgA (Fig. 3). 

Secondary Response to IT inoculation of OMP in IT 
vaccinated sheep - To assess whether there was a memory 
response to OMP in IT vaccinated sheep, a single dose of 
OMP was given by the IT route to IT vaccinated sheep on 

20 Day 80. A rapid increase in IgA and IgGl response was 

seen within days in RTW, and these peaked at Days 85 and 
100 respectively. The most remarkable response was 
registered by an almost 4-fold increase in RTW IgA in a 
much shorter time than that seen following primary 

25 exposure to OMP. Once again, no RTW IgG2 activity was 

detectable. A recall response against IT-administered OMP 
in IT vaccinated sheep was also evidenced by a spectacular 
increase in serum IgGl. This was accompanied by 
significant but lower levels of serum IgG2, IgM and IgA 

30 was specificity against P. aeruginosa OMP (Fig. 4). 

Generation of Cytotoxic T Cells in C57B1 Mice 

An experimental model was established to assess 
whether intradermal injection of SAMA4 adjuvanted antigen 
35 would promote the production of MHC Class 1 restricted 

cytotoxic T cells. A pre-requisite for doing this is to 
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only immunise a strain of mice that is histocompatible 
with the murine cell line which will ultimately be used as 
a target for the assessment of cytotoxic killing. The 
murine cell line- EL4 is histocompatible with the C57B1 

5 mice. Target EL4 bearing the ovalbumin peptide - Ova can 
be generated in two ways. Firstly/ Ova peptide can be 
added to the cell culture prior to their use as targets. 
The peptide is processed by the cell and presented on the 
^ surface in association with MHC Class 1 and the target 

10 cell will then be amenable to lysis by cytotoxic T cells 
specific for the Ova peptide. A second option is to 
transf ect the EL 4 cell line with a plasmid that encodes 
the Ova peptide under the control of a eukaryote promoter. 
G7 is an example of such as cell line which continuously 

15 expresses the Ova peptide. G? was kindly provided for by 
Dr F Carbone from Monash University. 

Four groups of mice (n=8 per group) were used for 
the experiment. Groups A, B, C and D were injected 
intradermal ly with PBS 9 SAMA4 only, SAMA4+0va peptide and 

20 Ova peptide only. About a 100 \ig of antigen or adjuvanted 
antigen or just adjuvant was injected in the skin along 
the mid-backline between the shoulder blades. Intradermal 
deposition of delivered material was evident from the 
formation of a bleb in the skin. A similar injection dose 

25 was repeated 7 days later and the mice sacrificed after a 
further 7 days. The spleen was removed and splenocytes 
teased in suspension through a finely sleeved mesh. These 
effector cells (E) were set up in cytotoxic assays against 
chromium labelled targets (T) at various E:T ratios from 

30 90 to 10:1. EL4 was used as a control and a histo- 
incompatible cell line YAC was used to monitor non- 
specific killing. 

The results in Fig. 5 show that cytotoxic T cells 
were generated only in mice immunised with SAMA4 

35 adjuvanted ovalbumin. These effectors were specific in 
killing both EL4+Ova peptide and G7 expressing the Ova 
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determinant* Cytotoxicity against EL4 and YAC targets 
were not detected. Neither SAMA4 vaccinated mice or mice 
given: only - ovalbumin produce Ova-specific cytotoxic T 
cells. It is clear from these results that intradermal 
5 delivery of SAMA4 adjuvant ed antigens such as ovalbumin is 
very effective in generating cytotoxic T cell responses in 
mice. 

Administration of SAMA4 Ad ju van ted Antigens by Different 
10 Routes 

Unlike other oil-based adjuvants that are immiscible 
and viscous, antigens complexed in SAMA4 retain their 
aqueous composition and can be easily injected or 
instilled in alternative orifices. In view of this, the 

15 versatility of SAMA4 was assessed by intranasal (IN) 

instillation and intragastric (IG) intubation. As shown 
in Fig. 6, one of the most prominent changes noted in mice 
subjected to various route treatments is an enlarged 
spleen. Intradermal injection of a similar amount of 

20 SAMA4+bacterial membrane protein (BMP) promoted by far, 
the greatest enlargement in spleen weight compared to 
either intranasal or intragastric routes of 
administration. To investigate this further, spleens were 
teased and resulting cells stained with fluorescent 

25 antibodies against Thy 1.2 and CD3 . Two colour flow 

cytometric analysis revealed that the increased spleen 
size in ID vaccinees, was not correlated with any T cell 
specific infiltration into the spleen as a consequence of 
vaccination. In fact, both the ID and IN routes reduced 

30 the composition of spleen resident T cells by more than 
50% compared to T cells present in the spleen of age and 
sex matched mice. There was however, a prominent increase 
of nonT and nonB cells characterised by their failure to 
stain with antibodies against CD3 and CD220. IG 

35 vaccination appeared not to alter to a large extent 
changes in the CD3 and nonT/nonB subpopulations • 



WO 95/27508 PCT/AU95/00206 

10 



Altered Patterns of Recruitment: of Lymphocyte 
Subpopulations in Various Organ Compartments of BALB/c 
Mice - 

5 The changes in cell population of the spleen 

prompted further comparisons to be made in other organs of 
the mice. Cells were released from liver and lung tissue 
by enzymatic digestion and these were analysed by flow 
cytometry in conj^nctipii _with _cells. from the spleen and 

10 thymus. Various compositional profiles were generated by 
combinatorial staining with Thy 1.2, CD3, CD4, CD8 and 
B220. 

Fig. 7 shows that between 3-4 days post vaccination, 
6-8 fold changes were noted in the composition of the 

15 CD3-/B220+ subpopulation of the thymus in ID and IN 

vaccinated mice. The CD 3- marker designates immature 
lymphocytes, as are most thymocytes. However, the 
appearance of the B220+ marker signifies that many of 
these cells have become activated as a consequence of 

20 vaccination since the B220 antigen is also accepted as a 
marker for cellular activation. This cell population was 
not up-regulated in the liver, lung or spleen. 

The percentage of mature (CD3+) and activated 
(B220+) lymphocytes in the thymus was significantly 

25 elevated in mice given vaccine intradermally compared to 
other routes of inoculation (Fig. 8). 

Not all routes of vaccination stimulated increases 
in specific T cell subpopulations. Fig. 9 shows that one 
of the consequences of vaccination was a down regulation 

30 in the number of resident helper T cells bearing the 

CD3+/CD4+ marker in the liver, lung, spleen and thymus of 
mice given SAMA4 adjuvanted BMP . The extent of 
suppression in this subpopulation was more noticeable in 
IN and IG treated mice compared to ID vaccinees. 

35 The generation of cytotoxic T cells (CD3+/CD8+) is 

depicted in Fig. 10 and shows that the intranasal route of 
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inoculation was most effective in stimulating a 3-4 fold 
increase in this subpopulation in the liver. The IG route 
was also effective in stimulating an increase in cytotoxic 
T cells in the liver but not the ID route. 

5 Finally, the change in non-T/non-B lymphocytes in 

various compartments is summarised in Fig. 11. Here, the 
ID route was most effective in stimulating by more than 
200%, an increase in cells in the thymus. These changes 
highlight the fact that SAMA4 is not only capable of 

10 altering trafficking patterns but also the transit 

frequencies of both lymphocytes and non-lymphocytes (eg. 
Neutrophils and granulocytes) in various organ 
compartments. More specifically, these changes are 
dependent upon the route of administration of SAMA4 

15 adjuvanted antigens. 

As can be seen from the above results the present 
inventor has developed a composition which following 
intradermal administration is able to provide IgGl and IgA 
responses in serum and in the respiratory tract. Further, 
20 as the composition of the present invention does not 

include an oil-based adjuvant there is no inflammatory 
reaction. Accordingly, the composition of the present 
invention is extremely useful in stimulating mucosal 
immunity . 

25 It is therefore believed that the composition of the 

present invention may be beneficially used in the 
treatment or prevention of a number of diseases in man 
such as skin immune disorders (e.g. melanoma, atopic 
dermatitis, psoriasis), urogenital tract infection (e.g. 

30 Candida, sexually transmitted diseases), upper and lower 
respiratory tract infection (e.g. influenza, mycoplasma, 
whooping cough, T.B.), diseases of the gut (e.g. parasitic 
diseases, salmonella, cholera), and systemic infections 
(e.g. malaria) . 

35 it will be appreciated by persons skilled in the art 

that numerous variations and/or modifications may be made 
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12 

to the invention as shown in the specific embodiments 
without departing from the spirit or scope of the 
invention as broadly described. The present embodiments 
are, therefore, to be considered in all respects as 
illustrative and not restrictive. : 
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CLAIMS :- 

1* A composition for use in raising a cellular and/or 
humoral immune response in mammals to an antigen , the 
composition comprising the antigen entrapped within 

5 liposomes , the liposomes being integrated into an ISCOM. 
2. A composition as claimed in claim 1 in which the 
liposomes are formed using N-[l-(2,3-Dioleoyloxy)propal]- 
N,N,N-trimethyl-ammoniummethyl sulfate (DOTAP) . 
3;. A composition as claimed in claim 1 or claim 2 in 

10 which the antigen (native or subunit) is derived from an 
organism involved in infection of the skin, respiratory 
tract, genitourinary tract or other mucosal surface. 

4. A composition as claimed in any one of claims 1 to 3 
in which the organism is a bacteria, fungi, mycoplasma or 

15 virus. 

5. A composition as claimed in any one of claims 1 to 4 
in which the ISCOM is composed of matrix of Quil A and 
cholesterol. 

6. A composition as claimed in claim 5 in which the 
20 ISCOM further includes an additional lipid such as 

phosphatidyl choline in a molar ratio. 

7. A method for increasing the immune response in a 
mammal to an antigen comprising administering to the 
mammal a composition as claimed in any one of claims 

25 1 to 6. 

8. A method as claimed in claim 7 in which the 
composition is administered intradermal, intratracheal, 
intranasally, orally, rectally, intravaginaily or by 
douche. 



30 
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